ABSTRACT 60-70S RNA of avian myeloblastosis virus was spread with the Kleinschmidt method and examined in the electron microscope after being subjected to a variety of denaturing conditions. Extension of the molecules from a collapsed configuration was seen only under stringent denaturing conditions, resulting in molecules of 1-2 Im in length. Longer strands of these extremely fragile molecules cannot be obtained with the methods presently available.
It has been postulated that the high-molecular-weight RNA of oncornaviruses may be composed of 3 or 4 subunit molecules (1) (2) (3) (4) (5) (6) , linked by small hydrogen-bonded, double-stranded regions (7) . Smaller RNA molecules have also been found to be associated with the 60-70S high-molecular-weight RNA (8, 9) . Publications on the ultrastructure of the RNA from a variety of oncornaviruses are few, understandably so in light of the complex nature of the molecule. Granboulan, Huppert, and Lacour (10), using the Kleinschmidt spreading technique (11) , first showed the structure of RNA from avian myeloblastosis virus (AMV) with molecules of up to 10 Am in length. Similar results were obtained by Kakefuda and Bader (12) in examining the RNA from murine leukemia virus. Recently Whalley (13) described molecules from feline leukemia virus as being comparable to those observed by Granboulan. However, Sarkar and Moore (14) found only relatively short molecules associated with mouse mammary tumor virus. But these, it was suggested, may represent the subunit moities.
Problems of spreading RNA molecules from oncornaviruses are numerous. Our initial attempts, using the high-molecular-weight RNA from plasma AMV, together with published techniques of spreading (10-12, 14-16, 18) , were nonproductive: long, extended strands identical to those previously reported for other oncornavirus RNA (10, (12) (13) (14) were found to be contaminating duplex DNA that was always present in small amounts in the 60-70S high-molecular-weight RNA fractions (manuscript in preparation). However, recently published techniques now allow for a direct visual discrimination of single-compared to double-stranded molecules (18) . Because of random base interactions, singlestranded molecules must be subjected to some form of denaturation before extended strands can be seen. Duplex molecules apparently need no denaturation. Unfortunately, most authors have reported long strands of oncornavirus "RNA" under conditions suitable only for the extension of duplex molecules (10, (12) (13) (14) . Thus the evidence indicates that previously published illustrations represent the contaminating strands of duplex DNA.
The The grids were examined as described (19) .
RESULTS AND DISCUSSION
Examples of our results with 60-70S AMV RNA spread under the above conditions are presented in Fig. 1 molecules is presented in Fig. 4 , showing modal lengths of 0.7 /m, 1.1 pum, and 1.9 Mm. A total of 197 molecules was measured. Molecular weight determinations (20) of the molecules observed here resulted in values of 0.7 X 106, 1.2 X 106, and 2.2 X 106.
On the assumption that the conditions used here for extending the molecules may also have led to a disruption of covalent bonds, isolation and purification techniques identical to those used for AMV RNA were used to examine the nonsegmented RNA from vesicular stomatitis virus (molecular weight 3.2 X 106) (21) and Newcastle disease virus (molecular weight 5.2 to 5.6 X 106) (22) . Spread under the above conditions (IV), both RNAs exhibited lengths that correspond closely to their molecular weights (manuscript in preparation) (Fig. 5 ).
It is apparent, then, that AYIV 60-70S RNA is not a linear covalently-bonded molecule of 8-10 um. However, molecules of the length seen here may represent subunits previously linked by short stretches of hydrogen bonding (7) . The extensive denaturation used to "stretch" the molecule may have also disrupted these double-stranded regions. To date, the only visual evidence of possible double-strandedness within the molecule occurs with the appearance of loops or folded regions similar to those demonstrated by Wellauer and Dawid (23) for ribosomal RNA.
An alternative explanation of the results seen here is that the RNA sedimenting at 60-70S may consist of a complex of discrete, short molecules in an extremely collapsed configuration. Denaturation of 60-70S RNA would change, as is seen here, its tertiary structure, which would result in changes in its sedimentation constant (1) (2) (3) (4) and electrophoretic mobility (1, 3, 5) . The irreversibility of the denaturation process (4) seems to substantiate this arrangement of molecules in the virion.
The question of the true length of the intact viral genome may still be unanswered. Methods used to extend the molecule for length determination may irreversibly disrupt the genome. An ultrastructural analysis of the high-molecular-weight RNA in the absence of denaturing agents should be done, i.e., by examining the duplex RNA -DNA hybrid formed by the RNA-directed DNA polymerase of RNA tumor virus (24) . We thank M~essrs. D. Jones and B. Elliott, Jr. for their skillful technical help and Dr. C. Garon for valuable discussions.
